All hydropower project type requires an ample availability of stream flow data. Unfortunately most 9 of the hydropower projects especially small hydropower projects are conducted on ungauged river 10 and consequently hydrologists have for a longtime used stream flow estimation methods using the 11 mean annual flows to gauge rivers. Unfortunately flow estimation methods which include the 12 runoff data method, area ratio method and the correlation flow methods employ a lot of 13 assumptions which affect their uncertainty. Although hydropower energy is one of most promising 14 clean energy technologies available, it has potential drawbacks as compared with various other 15 forms of renewable energy, such as biomass, solar and wind energy, due in particular to it high 16 capital investment costs. 
Introductions

31
In the current energy crisis, energy is considered to play as a key role in the achievement of good 32 health, adequate social development and improved quality of life for people in developing 33 countries in the world generally [1] . Both produced and consumed energy resources, especially 34 renewable ones, in hydropower is particular have led to an increase in the demand for energy in 35 many countries of the wourld [2] . Some areas of high population concentration may not yet be 36 supplied with electricity or may have simply have old-generation (Diesel-plant) distribution 37 systems that no longer function adequately, only about 21% of the populations there having access 38 to electricity [3] . In Mozambique, use of small hydropower plants (SHP) can be one of the 39 solutions to the need of increasing electrification and of combating poverty in rural areas [4] . 40
Hydropower is the most effective source of energy and electricity available. It has played a major 41 role in the development of modern civilization and represents one type of renewable energy, a type 42 converting the movement of water into electricity [5] . Hydropower technology has various benefits 43 that fossil fuel lack. It is a renewable source of energy, it produces no carbon dioxide emissions, 44 and hydropower projects can also serve a wide variety of purposes, such as those of irrigation, 45 fishery, flood control, water supply, and milling agricultural products [6] . The latter is carried out 46 especially much in the Manica sections of Mozambique. Gaining access to modern energy services 47 is instrumental to fulfilling basic social needs and to driving economic growth, and it has positive 48 effects on productivity, health, education, safe water and communication services [7] 49
Hydropower energy has a high degree of potential, for catalyzing social change providing 50 opportunities for a whole new range of activities that can improve the quality of life for rural 51 populations, in particular. According to [4] hydropower accounted for 15.3% at the power 52 generation in 2011, fossil fuels and nuclear reactor having the largest share in the global power 53 generation scenario through their accounting for 77.9% of global power production altogether 54 followed by other forms of renewable energy with 5% of the total power productions. The total 55 hydropower energy-generation capacity in the world has been increasing steadily over the past 50 56 years, the rate of increase having accelerated during the past few years. 
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In this paper we use hydrological modeling for hydropower in Manica area in Mozambique. The 62 study it was observed that applying the appropriate assumptions for each method correctly, would 63 likely yield very good results in terms of bias, accuracy and uncertainty. Therefore, it was 64 recommended that assumptions regarding each method should be carefully and appropriately 65 applied for good stream flow estimation. 66
Current Hydropower Potential in Mozambique
67
The hydropower potential of Mozambique is highly attractive, its being estimated to be at a 18,000 MW 68 level only roughly 2200 MW of it having been developed in a manner providing it if access to the national 69 grid. To meet the needs that exist, the government of Mozambique has made rural electrification a major 70 component of its development programs [8] . In addition, it has liberalized its energy sector and there has 71 been an influx of direct foreign investments in hydro-projects within the country as a whole. The
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Mozambique government has set a number of broad policy objectives relating to the development and 73 governance of the energy sector. It has also supported rural electrification through creating an enabling 74 environment for the stakeholders involved [9] . The development of renewable energy in Mozambique dates 75 back to the colonial period, when hydropower plants were developed to supply power to large urban cities 76 such as Maputo, Beira and Nampula and for selling energy to South Africa [10] . The total energy mixture 77 available in Mozambique was very large 408.9 PJ, its consisting to about 13% of Hydropower, 78% of 78 biomass, 7% of oil products and 2% of other energy-related resources [9] 79 Its has been found that the greatest hydropower potential in Mozambique lies in the Zambezi River basin, 80 at such sites as Cahora Bassa and Manica ( Mavuzi and Chicamba) in the Rivue River, as shown in Table   81 3, that together have a generating capacity of about 2200MW.The total hydropower currently exploited is 82 presented in Table 2 . The most important hydropower plant is Cahora Bassa, with provides 95% of the 83 total hydropower produced in Mozambique [3] . 
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3.1.FLOW ESTIMATION METHODS 119
Generally there are three main flow estimation methods used in small hydropower which basically 120 use mean annual flows to estimate flow. These three flow estimation used in small hydropower 121 include the runoff data method, the area ratio method and the correlation flow method [13] . Unlike 122 the flow correlation method, when using the runoff data method and the area ratio method the first 123 thing is to compute the Mean Annual flow (MAF) of the ungauged river. The MAF is computed 124 using equation [14] : 125
The method does not require a gauged site to be located near an ungauged site proposed for the 127 hydropower plant . However, basically the method uses the runoff data which is usually available 128 on runoff maps. Runoff maps can be downloaded online. 136 [16] explains that where the runoff map for the proposed site is not available, the area method 137 becomes useful however, he further advices that a gauged site should exist in the vicinity. On the 138 other hand, he says this method is used upon the assumption that both the ungauged site and the 139 gauged site in the vicinity have similar hydrological characteristics which include: topography, 140 land use, lithography and geomorphology as well as similar precipitation. Having those similar 141 hydrological characteristics it therefore means that both the gauged and ungauged site have the 142
same runoff values since they have similar parameters that generate the runoff values for rivers 143 and catchments [16] . Subsequently, the mean annual flow will be approximately proportional to 144 the drainage area [13] The mean annual flow for the ungauged site was estimated using Equation 145 7 below: 146
Again the flow of the ungauged site was estimated using Equation 6 above. 148
There exist circumstances when the area of the ungauged site is unknown. [16] explains that in this 149 case the correlation flow method is best handy. He says this method strictly requires that the 150 gauged site must not be located too far from the ungauged site. Besides, this method demands 151 constant site visits to make occasional stream flow measurement. The method requires and 152 assumes that both the gauged and the ungauged sites display similar precipitation patterns and that 153 their areas, vegetation cover, and geomorphology do not significantly different [16] . 154 for particular locations [6] . The specific speed is a dimensionless parameter that characterizes the hydraulic 185 properties of a turbine in terms of the diameter the speed ( ) runner, the jet velocit, the width of the jet, the 186 radius of the blade and the specific speed ( ), as expressed as below the Figure 2 The chart of result of turbine selections adapted from [16] 222
Since the net head of the mini hydropower system at Chua is 48 m in length and the as discharge designed Analysis of the present flow in the Chua River showed that the flow rate for producing energy 246 would presumably be sufficient for a long period of time, since the stream flow stems from a 247 waterfall in the mountainous terrain there. The measured flow rate was 0.15m 3 /s and associated as 248 it is with the high head there, one of nearly 50 meters, it enable the Pelton turbine that is shown in 249 figure 3 to be used. 250
Two of the advantages that the energy thus provided would bring to the village of Chua will be to 251 increase development of the village and to eliminate poverty for the local populations there. With 252 the electricity that is made available, life expectancy there should increase since the local hospital 253 already benefits from this energy and will continues doing son, such as though being able to 254 sterilize various hospital supplies and materials. The educational system there will also benefits 255 through students being able to readily do homework in the evening when it is dark, for example. 256
Beginning of the study it was hypothetically thought that the runoff data method would present 257 the best/least measures of bias, accuracy and uncertainty since the methods directly uses the mean 258 annual runoff or runoff coefficient data to estimate the mean annual flow of an ungauged river. 259
The mean annual runoff and runoff coefficient are one of the powerful and most-used parameter 260 used to estimate both surface and underground water dynamics and/or flows since they reflect the 261 behavior of a catchment after integrating the most important properties of a catchment that are 262 related to topography and surface cover. 263 264 265 266
